The effects of stepwise arterial hypotension (MABP: 80, 60, 40 mm Hg) and moderate arterial hypo-and hypertension (MABP: 80, 150-160 mm
Hg) on cerebrocortical vascular volume and NAD/NADH redox state were studied in anaesthetized cats, The vascular volume and NADH fluorescence measurements were performed on closed skull preparations using a microscope fluororeflectometer. To determine the possible role of adrenergic alpha receptors in the autoregulatory adjustment of cerebrocortical vascular volume, some of the animals were pretreated with intra-arterially infused phenoxy ben zamine (1 mg/kg), It was found that longlasting stepwise arterial hypotension leads to a gradual increase in cerebrocortical vascular volume and NADH fluorescence, Though the cerebrocortical arteries dilatated considerably at 80 mm Hg, sustained for 30 min, the NAD/NADH redox state failed to be reoxidized but was shifted to a more reduced state. This finding suggests that some factor other than tissue hypoxia is responsible for the dilatation of cere brocortical vessels during moderate arterial hypotension. When the arterial blood pressure was restored following stepwise arterial hypotension, the cere brocortical vascular volume did not decrease and the NAD/NADH redox state remained reduced, showing that the autoregulatory capability of the vessels was lost and the tissue metabolism was irreversibly altered. During a 5-min duration of moderate arterial hypo-and hypertension, biphasic changes were obtained in cerebrocortical vascular volume while the N AD/NADH redox state was shifted to a more reduced and oxidized state. Since the dilatation and the constriction of the cerebrocortical vessels during arterial hypo-and hyperten sion lagged by 40-80 s behind the redox state alterations, it is suggested that the myogenic mechanism has a minor role in CBP autoregulation. Phenoxybenzamine (PBZ) dilatated the cerebrocortical vessels, indicating the existence of an active alpha-receptor-mediated vasoconstrictory tone. Since the extent of autoregulatory vascular volume changes was not affected by PBZ pretreatment. the involvement of adrenergic alpha-receptors in the autoregula tion of CBP can be excluded, at least for cats. Key Words: Autoregulation Cerebral blood volume-NAD/NADH redox state-Phenoxybenzamine Reflectometry.
It is well established that cerebral blood flow (CBF) remains constant in the arterial blood pres sure range of 60-160 mm Hg (Harper, 1966; Betz, (Forbes and Wolff, 1928; Fog, 1937 Fog, , 1939 Kontos, 1981) . The mechanism of these cerebral vascular volume changes is not yet understood. Myogenic, metabolic, and neurogenic theories (Berne, 1964; Symon, et aI., 1972; Kawamura et aI., 1974) have been suggested as the explanation of the au toregulatory vascular volume alterations. Recent experimental studies have suggested that the myogenic mechanism makes little or no contribu tion to the adjustment of cerebrovascular resistance (CVR) during autoregulation of CBF (Raisis et aI., 1979; Wei and Kontos, 1981) .
The metabolic theory suggests that CVR is con trolled by tissue metabolites such as H+, CO2, lac tate, and adenosine, and the washout or the ac cumulation of these metabolites would lead to the contraction or dilatation of the arterial vessels. This theory is not supported by the experimental findings that extravascular H+ and K+ concentrations do not change during CBF autoregulation (Wahl and Kus chinsky, 1979) , and probablY the same holds true for adenosine at moderate arterial hypo-and hypertension (Winn et aI., 1980) . The role of the autonomic nervous system in CBF autoregulation is even less clear (Kawamura et aI., 1974; Harper et aI., 1978; Kuschinsky and Wahl, 1978) . While Kawamura et ai. (1974) found an im paired autoregulation to increase cerebral perfusion pressure (CPP) in phenoxybenzamine (PBZ) pre treated baboons, Harper et ai. (1978) showed that the autoregulatory curve was shifted to the right when the cervical sympathetic nerves were stimu lated in hypertensive animals.
On the information available, the mechanism of CBF autoregulation seems to be mostly metabolic in nature, although the metabolic signal that adjusts CVR when CPP is altered remains to be clarified. To see how the cerebrocortical metabolism is influ enced during CBF autoregulation as well as during sustained and severe arterial hypotension, and to reveal the time sequelae of the changes in vascular volume in relation to the disturbance of metabolism, the method of surface fluororeflectometry (Chance et aI., 1962; Jobsis et aI., 1971) was applied in the present experiments. Though this technique mea sures only relative changes, it has the great advan tage over biochemical assays of tissue metabolites that it is noninvasive, and gives a continuous read ing of the alterations of NAD/NADH redox state and vascular volume in the same tissue unit (Jobsis et aI., 1971; Chance et aI., 1973; Harbig et aI., 1976: J Cereb Blood Flow Metabol. Vol. 2, No.2, 1982 D6ra and Kovach, 1978; Eke et aI., 1979; D6ra et aI., 1980) . To avoid any interference of drugs with the cerebral metabolism and circulation, a bleeding extra blood transfusion model was used to alter CPP in the present studies. The possible role of alpha adrenergic receptors in the mechanism of CBF au toregulation was tested in PBZ-pretreated animals.
METHODS
The experiments were carried out on 30 cats weighing 2.5-3.5 kg, anaesthetized with 50-60 mg/kg alpha-D-glucochloralose, immobilized with 4 mg/kg gallamine triethyliodide (Flaxedil®) and arti ficially ventilated (Harvard respirator, No. 671) . The volume and the rate of artificial respiration were adjusted to have arterial P02 and Pco2 at around 100 mm Hg and 32 mm Hg, respectively. The trachea, femoral arteries, one of the lingual ar teries, and both femoral veins were cannulated. Before introducing the cannulae into the blood ves sels, they were filled with heparinized physiological saline solution. The animals did not receive any ad ditional heparin.
The heads of the animals were mounted in stereotaxic stands and the skin and muscles were removed from both sides of the skull. A 12 mm diameter hole was drilled in the left parietal bone and the dura was carefully opened. The bleeding from the bone edges and the dura was stopped by bone wax and fibrin sponge (Fibrostan). Sub sequent to this, a glass window (Kovach et aI., 1977; Kovach and D6ra, 1979) was placed and cemented into the bored hole. Two 20-,um thick silver lamellae, built into the plastic ring of the win dow, were used to monitor the electrical activity of the exposed brain cortex. The electrical activity of the other brain hemisphere was also measured by copper screws fixed into the parietal and occipital cranial bones. The reference electrode was pinched to the muscles of the neck. In some experiments the intracranial pressure was also measured via metal tubes fixed into the wall of the glass window.
Cerebrocortical NADH fluorescence and UV re flectance were measured by a microfluororeflec tometer originally developed by Chance et ai. (1962) and J obsis et al. (1971) . A 900-W, water-cooled mer cury arc lamp was used as a light source (Kovach and D6ra, 1979) . The light, after passing through the primary filter (Corning 5874), illuminated the brain cortex via the internal lens of the Ultropak® objec tive (Wetzlar, FRG). The other part of the incident light was projected by a thin glass plate onto the compensating photomultiplier that served to elimi nate the light intensity changes of the mercury arc. The emitted NADH fluorescent light (450 nm) and the reflected light (366 nm) were collected by the external lens of the Utropak objective; then they were measured by EMI photomultipliers using ap propriate optical filters (for NADH fluorescence, Kodak-Wratten 2C and 47 gelatine filters; for re flectance, Corning 5874 glass filter). NADH fluo rescence measurement in vivo is based on the fact that only the reduced nicotine-amide-adenoside dinucleotide fluoresces when it is illuminated at 366 nm (Chance et aI., 1962) .
The reflected light (the sum of reflected and scattered light), measured at 366 nm, was used to indicate the changes in vascular volume. The in crease of the cerebral blood content (vasodilatation) decreases the intensity of the reflected light and the intensity increases when the cerebral blood content is diminished (J6bsis et aI., 1971; Harbig et aI., 1976; Kovach et aI., 1977; Eke et aI., 1979) . Since there is a close relationship between changes in ce rebral vascular volume and blood flow (Risberg et aI., 1969) the reflected light can also be used as an indicator of flow alterations.
In blood-perfused organs, changes in blood con tent, but not the oxygenation in hemoglobin (Sundt et aI., 1976; Dora et aI., 1980) , can cause consider able alterations in the level of NADH fluorescence (Chance et aI., 1962; J6bsis et aI. , 1971; Harbig et aI., 1976) . To avoid these virtual changes in NADH concentration, the correction method elaborated by J6bsis et aI. (1971) and Harbig et aI. (1976) was used. The correction is based on the transient dilu tion of the blood staying in the brain by injecting 0.1-0. 3 ml saline or plasma expander into the lin gual artery. When hemodilution is accomplished, the intensity of the fluorescence and reflected light is increased. The correction factor (k) is defined as the ratio of the hemodilution-induced fluorescence and reflectance changes. The real changes in tissue NADH concentration at any intervention are cal culated according to the equation, !:lCF = t:lF -k· tlR, where the t:lF and the tlR are the recorded changes at 450 nm and 366 nm, respectively. Cor rected NADH fluorescence, !:lCF, represents the real alterations in NADH concentration. The changes in uncorrected NADH fluorescence (F), corrected NADH fluorescence (CF) , and reflec tance (R) are expressed in percentages.
The arterial blood pressure and the intracranial pressure were measured by Statham P 23/d elec tromanometers. The arterial blood gases and hemo globin concentration were determined by an ABL-l type analyzer (Radiometer). The rectal temperature of the animals was maintained at 37°C by an in fralamp and a Yellows pring temperature regulator (type 73A). The following parameters were re corder on an 8-channel Grass polygraph: cere brocortical fluorescence, reflectance, corrected flu orescence, arterial blood pressure, intracranial pressure, electrocorticograms, and the integram of the electrocorticogram of the exposed brain cortex.
The experimental animals were divided into two groups. In the first group of animals, the arterial blood pressure was decreased from the control value to 80, 60, and 40 mm Hg, respectively, by a buffer-reservoir system connected to the femoral artery. Each hypotensive period was maintained for 30 min. After bleeding, the shed blood was rein fused. In the second group of animals, the arterial blood pressure was decreased from the control value to 80 mm Hg for 5 min. Subsequently, as much blood was reinfused as was necessary to re turn the arterial blood pressure to its control value. Following this, the arterial blood pressure was ele vated by extra blood transfusion to 30-40 mm Hg above its control value for 5 min and the hyperten sion was terminated by bleeding the animals until the control value of arterial blood pressure was reached again. For extra blood transfusion, a sec ond cat was anaesthetized with ether and bled. The arterial blood gases and the hemoglobin concentra tion of the second cat's blood were adjusted to the arterial blood of the recipient cat. Clotting of the blood was prevented by heparinization. After the control hypo-and hypertensive periods, the animals received 1 mg/kg PBZ into the lingual artery. The decrease of arterial blood pressure due to alpha receptor blockade was prevented by a buffer reservoir system. Thirty minutes after the PBZ in fusion, the 5-min hypo-and hypertensive episodes were repeated. Student's t test was employed in calculating statistical significance.
RESULTS
In the first group of experiments, the stepwise decrease in arterial blood pressure from the control value to 40 mm Hg resulted in a gradual decrease in the intensity of reflected light and a gradual NAD COR reduction (Fig. 1) . The diminution of the intensity of the reflected light shows that the blood content of the cerebral cortex has been increased since the vessels dilatated. At 80 mm Hg, the vasodilation was preceded by a transient vasoconstriction; how ever, during the next steps of arterial hypotension, only vasodilatation occurred. At all blood pressure levels the cerebrocortical NAD became reduced. However, initial steep and consecutively less steep phases could be differentiated. When arterial blood pressure was restored nearly to its control level by reinfusing the shed blood, the vessels remained dilatated, showing the loss of their autoregulatory capability (Fig. 2) . At the same time, the NAD/NADH redox state was shifted toward a more oxidized state, although the oxido-reduction state of the control brain cortex was not regained.
Since the stepwise reduction of arterial blood pressure abolished the mechanism responsible for the autoregulation of CBF and irreversibly dis turbed the cortical NAD/NADH redox state, in the second series of experiments the effect of moderate and shortlasting arterial hypotension was tested. ' Bleeding the animals to 80 mm Hg MABP resulted 1982 in a biphasic change in the cerebrocortical vascular volume and a considerable NAD reduction ( Fig. 3) .
During the vasoconstrictory phase the NAD was reduced rapidly. About 90 s from the beginning of bleeding, the cerebrocortical vascular volume started to increase but the NAD/NADH redox state remained reduced. Following the reinfusion of the shed blood, the cerebrocortical vascular volume first increased, then decreased back to its normal value. In the NAD/NADH redox state, an initial rapid reoxidation and a consecutive slow reoxida tion could be observed. The changes in cerebrocor tical vascular volume and NAD/NADH redox state that were induced by this type of arterial hypoten sion were entirely reversible.
When the arterial blood pressure was increased to 30-40 mm Hg above its normal value, the cerebro cortical vascular volume and NADH fluorescence responses were opposite in direction compared to responses that were obtained during arterial hypotension (Fig. 4) . The cerebrocortical vascular volume first increased and later decreased while the NADH became uniformly oxidized. When the arterial blood pressure was restored to its nor mal value, the cerebrocortical vascular volume and NAD/NADH redox state recovered within 10 min, although the rate of recovery was slower than in the transition from hypotension to normotension.
In Fig. 5 , the changes in the recorded parameters are shown from a single experiment. It can be seen that the arterial hypo-and hypertension induced changes in cerebrocortical vascular volume and NAD/NADH redox state and intracranial pressure were opposite in direction. The electrocorticograms were not affected by the lowering or elevation of arterial blood pressure.
To see the effect of the inhibition of alpha adrenergic receptors on the CPP alteration -induced changes in cerebrocortical vascular volume, 1 mg! kg PBZ was infused into the lingual artery. Thirty minutes after PBZ treatment the cerebrocortical vascular volume increased and the NAD/NADH redox state was shifted toward reduction (Table 1) .
PBZ pretreatment almost completely inhibited the reduction in cerebrocortical vascular volume after arterial hypotension, indicating that this re sponse is not purely myogenic in origin. After PBZ pretreatment the cerebrocortical NAD reduction during CPP decrease was significantly smaller than in the untreated animals, while the increase in the vascular volume between the untreated and pre treated animals did not differ significantly (Fig. 6) . The smaller NAD reduction during hypotension might be attributed to the fact that the NAD/NADH oxido-reduction state was already reduced by PBZ.
After PBZ pretreatment, the vascular volume and NADH responses to arterial hypertension were similar to the responses of untreated animals (Fig.  7) ; however, the steepness of vasoconstriction and NADH oxidation was initially greater than in the untreated animals. 
FIG. 5.
Effect of moderate arterial hypo-and hypertension in a single experiment on cerebrocortical uncorrected NADH fluores cence (F); reflectance (R); corrected NADH fluorescence (CF); electrocorticogram (ECoG) of the right brain hemisphere; intra cranial pressure (ICP); ECoG of the exposed brain cortex and its integram (Integr. ECoG). The calibrations and direction of increase are shown before each parameter. The time scale is shown in the middle part of the figure. Spikes on F and R traces were obtained after injection of 0.1 ml oxygenated saline into the lingual artery. The ratio of F and R spikes gives the correction factor, which was approximately 2 in this experiment.
DISCUSSION
The present study focused on the dynamics and time relationships of the cerebrocortical vascular volume and NAD/NADH redox state changes that occur during arterial hypo-and hypertension. The tissue reflectance, measured at 366 nm, was used to follow the changes in blood content, i.e., in vascular volume. This technique is appropriate for the pur pose since a linear relationship was obtained in model experiments between the blood content and the intensity of the reflected light (Eke et al., 1979) and also in intact brain when various amounts of oxygenated saline were injected into the lingual ar tery (Harbig et al., 1976) . Qualitatively, a good cor relation was found also between the changes in cerebrocortical reflectance and the diameter of pial vessels when adenosine, acetylcholine, or norepi nephrine was applied topically to the surface of the brain cortex (E. Dora, L. Gyulai, L. Szabo, A. G. B. Kovach, unpublished observations). Though a strict relationship was demonstrated be tween the increase in cerebral blood volume and blood flow during hypercapnia (Risberg et aI., 1969) as well as in other conditions (Dora et aI., unpub lished observations) , the exact changes in regional CBF (rCBF) cannot be assessed in our experiments because the mean transit time of the blood flow was not determined. In spite of this, the trend of rCBF changes could be deduced when alterations in arte rial blood pressure and vascular volume were eval uated together, since the venous vascular volume does not change during CBF autoregulation (Forbes and Wolff, 1928) . Indeed, the dynamics of the re flectometrically monitored vascular volume changes during moderate arterial hypo-and hyper tension were very similar to the changes in the di ameter of pial arteries (Forbes and Wolff, 1928; Fog, 1937 Fog, , 1939 Busija et aI. , 198 1; Wei and Kon tos, 198 1) during similar experimental conditions. NADH fluorescence is thought to be a good indi cator of disturbances in brain metabolism. The NAD/NADH redox state is a complex parameter of the cerebral metabolism. The redox state is a sensi tive monitor of the alterations in oxygen tension and substrate supply, as well as of mitochondrial elec tron transport and ADP phosphorylation (Chance and Williams, 1955; Scholtz et aI. , 1969; J6bsis et aI., 197 1; Harbig et aI., 1976; . The evaluation of the results obtained in vivo by fluorometry is somewhat complicated by the fact that the method measures the sum of the changes in mitochondrial and cytoplasmic NADH fluorescence (Scholtz et aI., 1969; Lipton, 1973; Dora et aI., 1980) and the redox state of the two cellular NADH com partments can change independently of each other (Howse and Duffy, 1975) . However, in certain con ditions, the changes in mitochondrial and cytoplas mic NADH fluorescence can be separated when appropriate tests, like nitrogen pulses, are applied (Dora et aI., 1980) . The other difficulty with the measurements of NADH fluorescence in blood perfused organs is that the alterations in blood con tent lead to artifactual changes in NADH fluores cence. To avoid this, some type of correction pro cedure should be used (J6bsis et aI. , 197 1; Harbig et aI., 1976) . This problem cannot be eliminated sim ply by focusing on an "avascular area" of the pial surface because even if the larger pial vessels are not illuminated, there are enormous numbers of vessels in the deeper layers of the brain cortex (Kovach et aI. , 1977) . In our experiments, the cor rection method of J6bsis et aI. (197 1) and Harbig et aI. (1976) intensity of reflected light (J6bsis et aI., 197 1; Sundt et aI., 1976; Vern et aI., 198 1) were minimized by using a closed skull preparation and oblique illumi nation with an Ultropak objective of 6.5 (Dora and Kovach, 1978) . The correction factor during control state varied between 1.4 and 2 (mean, 1.8), which is slightly higher than the values reported by J6bsis et aI. (197 1) . The slightly higher values can be attrib uted to the differences in the illumination angles and optical arrangements (Dora and Kovach, 1978) .
Our results show that the stepwise decrease of arterial blood pressure from the control level of 40 mm Hg leads to an increase in cerebrocortical vas cular volume and NADH fluorescence. It was somewhat striking that considerable NAD reduc tion occurred at 80 mm Hg MABP, since there was no change in EEG, and blood flow could have been restored to its normotensive value after 5 min in hypotension due to the vasodilatation. In addition, it is well established that the amounts of energy-rich phosphates and the oxygen consumption of the brain are normally maintained at corresponding values of CPP because of the unaltered CBF (Harper, 1966; Siesj6 and Zwetenow, 1970; Fujishima, 197 1; Hamer et aI. , 1973; MacKenzie et aI. 1979; Winn et aI., 1980) . As for NADH fluores cence, our results agree with the data of Harbig and Reivich (1975) , and Hempel and J6bsis (1979) , but contrast with the findings of Sundt et aI. (1976) , in spite of the fact that NADH fluorescence was mea sured in principally the same way in both laboratories. Because of this, the reasons for the differing results are not obvious but they certainly cannot be attributed to the size and vascularity of the optically monitored cortical area (Kovach et aI., 1977; Dora and Kovach, 1978) . The differences in correction procedure cannot be the explanation either, since neither the variations in MABP nor nitrogen anoxia and brain ischemia resulted in changes in the intensity of the reflected light in the experiments of Sundt et aI. (1976) . The latter obser vation also contrasts with all the published data obtained with similar instrumentation in other laboratories (Chance et aI. , 1973; Harbig et aI., 1976; Hempel and J6bsis, 1979; Dora et aI. , 1980; Vern et aI., 198 1) .
When arterial blood pressure was restored by reinfusion of the shed blood following sustained arterial hypotension the cerebrocortical vessels failed to constrict and the NADH became re oxidized only partially. These results demonstrate that the autoregulatory capability of the cerebral vessels was lost and the NAD/NADH redox state was irreversibly disturbed. It has been shown that the intracellular oxygen tension is significantly less than the control value following the restoration of MABP (D6ra et aI. , 1980) . Therefore, local tissue hypoxia, as well as lactic acidosis (Hamar et aI., 1979) , might have contributed to the loss of CBF autoregulation following sustained arterial hypoten sion.
Because of the irreversible effect of sustained and deep arterial hypotension on cerebrovascular reac tivity and NAD/NADH redox state in the second series of experiments, only shortlasting and moder ate arterial hypo-and hypertension was applied. The 5-min decrease and increase in arterial blood pressure resulted in biphasic changes in cere brocortical vascular volume but monophasic alter ations in NAD/NADH redox state. The direction of the vascular volume and NAD/NADH redox state responses obtained following arterial hypotension were opposite those that developed after arterial hypertension. Taking into consideration that cere brocortical vascular volume changes have a close relationship to the blood flow changes, the ratio being 1:7 (Risberg et aI., 1969) , it can be presumed that there is a transient decrease and increase in the cerebrocortical blood flow subsequent to arterial hypo-and hypertension, respectively. Such tran sient changes in CBF have been shown by others (Betz, 1972; Kawamura et aI., 1974; Busija et aI., 198 1) and the onset of the restoration of CBF had about the same time sequelae as in our reflectomet ric data. Because of the inconsistent results con cerning the role of the sympathetic nervous system in the regulation of CBF (Kuschinsky and Wahl, 1978) , the possible role of adrenergic alpha receptors in the autoregulatory adjustment of CVR was also investigated. Our data strongly support the existence of alpha-adrenergic-receptor-mediated vasoconstrictory tone, since after intra-arterial in fusion of 1 mg/kg PBZ the cerebrocortical vascular volume increased. After PBZ treatment the cere brocortical NAD/NADH redox state was shifted toward a more reduced state which, however, could not be the result of tissue hypoxia, since the blood flow should have been increased due to the en hancement of vascular volume and maintenance of MABP. Since following PBZ administration the ce rebral oxygen consumption decreases (Meyer et aI. , 1976; Hamar et aI., 1979) , but the glucose con-sumption and lactate production increase (Leonard, 197 1; Meyer et aI., 1976) , it is very likely that the increase in NADH fluorescence in our experiments was due to the increased rate of cerebral "anaero bic" glycolysis. Since alpha-receptor blockade did not influence the extent of vasodilatation and vaso constriction elicited by arterial hypo-and hyper tension, respectively, it is concluded that these receptors are not involved in the autoregulatory mechanism of CBF.
As far as the mechanism of the autoregulatory vasodilatation and vasoconstriction is concerned, our results do not support the dominating role of myogenic mechanism, since the adjustment of the cerebrocortical vascular volume appeared 40-80 s later than the changes in cortical NAD/NADH redox state. The long delay between the redox state and autoregulatory vascular volume changes sup ports the theory that autoregulation of CBF is due mainly to some metabolic mechanism. The NADI NADH redox state might have a causative role in this process, since when the upper limit of CBF autoregulation was "broken through," N ADH failed to become oxidized (Kovach et aI., 1979) , whereas it was always oxidized when the blood pressure was kept below the upper limit.
The interpretation of the fluorometrically revealed changes in cerebrocortical NAD/NADH redox state needs more detailed discussion. Since this method measures the sum of cytosolic and mitochondrial NADH fluorescence (Scholtz et aI., 1969; Lipton, 1973; D6ra et aI. , 1980) , and the cortical grey matter is heterogeneously perfused with oxygen (Silver, 1965) , the following should be considered in expla nation of NADH fluorescence alterations: the role of tissue hypoxia, the improvement of tissue oxy gen supply, or the effect of altered CPP on the rate of cerebral glycolysis. Theoretically, a moderate decrease of arterial blood pressure could lead to hypoxia in those cortical microregions where the oxygen tension, even under control conditions, is near to zero. Whether or not the NAD is more re duced and the rate of anaerobic glycolysis is higher at these points, compared to regions where the oxy gen tension is greater, is not known. However, even if this were the case, the contribution of these areas to the NADH fluorescence of the optically moni tored tissue volume should be rather small. This presumption is supported by observations that the amplitude of the nitrogen breathing-induced corti cal NAD reduction as well as the fluorescence of the pyrene butyric acid is not altered at moderate arterial hypotension (Dora et aI. , 1980; Kariman et aI., 198 1) . In addition, NADH fluorescence was never diminished when the cortical blood flow was increased with topical administration of various va sodilatator agents (Dora et aI. , unpublished observa tions) . Neither is it likely that moderate arterial hypertension would result in NADH oxidation via the improvement of cerebral oxygen supply when autoregulation is intact. These considerations are in accord with the well-known maintenance of cere bral oxygen consumption and energy charge of the brain within the autoregulatory limits of CPP.
Interestingly, the cerebral lactate production (Siesjo and Zwetenow, 1970; Hamer et aI., 1973) and the cytoplasmic NAD reduction (calculated on the basis of the changes in lactate:pyruvate ratio and intracellular pH) change earlier than the cere bral oxygen consumption, blood flow, and concen trations of energy-rich phosphates do (Siesjo and Zwetenow, 1970; Fujishima, 197 1; Hamer et aI., 1973; Hamar et aI., 1979; Winn et aI., 1980) . The reason for the disparate changes in "anaerobic" glycolysis and energy metabolism during arterial hypotension as well as in other conditions is still poorly understood (Fujishima, 197 1; Duffy et aI., 1972; Norberg et aI., 1975) . Though it could be that certain regions of the brain, the so-called "water shed area," become hypoxic even at moderate re ductions of MABP (Siesjo and Zwetenow, 1970) and the anaerobic glycolysis is accelerated this way, it is also possible that glycolysis is stimulated for rea sons other than hypoxia, for instance, increased arterial concentration of glucose (Gjedde et aI., 198 1) and a slight initial disturbance of brain energy metabolism (Norberg et aI., 1975) . Since during arterial hypotension the arterial glucose level is ele vated (Hamar et aI., 1979) and the cerebral energy metabolism might have been transiently disturbed because of the decrease in CBF subsequent to rapid reduction of MABP, the most likely cause of an increase in cerebrocortical NADH fluorescence is the stimulation of "anaerobic" glycolysis. The in herent cause of the decrease in cortical NADH fluo rescence during moderate arterial hypertension needs further study. Although appreciable changes in the amplitude and frequency of EEG were not observed in this condition, because of the observa tions of Dahlgren and his associates (1979) , one cannot exclude the possibility that the blood-brain barrier was opened and the blood-borne catechol-J Cereb Blood Flow Metabol. Vol. 2. No. 2. 1982 amines affected both the oxygen and substrate me tabolism of the brain.
